protocol is the method described in this protocol. All of these amplification processes have been routinely conducted on multiple copies of isolated derivative chromosomes; however, we reported in 2004 successful amplification of single derivative chromosomes 18 . Each of the above amplification techniques have been used successfully in array paint experiments on low-resolution BAC arrays 7, [11] [12] [13] [14] or higher resolution BAC tiling arrays 10 . We have also reported array painting on NimbleGen oligonucleotide arrays following derivative amplification with REPLI-g (Qiagen) 9 . In this protocol, we describe in detail array painting on Agilent oligonucleotide arrays using GenomePlex WGA to amplify the derivative DNA. WGA has the potential to introduce bias by the nonuniform amplification of the input sample. Although this may compromise the quantitative analyses in conventional array CGH experiments, array painting is largely unaffected by such bias.
Resolution of DNA microarrays
The resolution of DNA microarrays has advanced rapidly over the last decade. It is now possible to design customized high-resolution oligonucleotide arrays to specifically target breakpoint regions. For example, we have reported array painting using NimbleGen arrays with overlapping 60-mer oligonucleotides spaced every 1 bp, which refined chromosome breakpoints in four different translocations from patients with developmental disorders. Breakpoints in these cases were refined to intervals ranging from 55 to 7,223 bp (ref. 9) . Although high-resolution tiling arrays have been adopted in both CGH and array painting experiments, the performance of the probes may be adversely affected by the sequence context in the region of interest; e.g., if the oligonucleotide probe is at the position of a sequence repeat, consequently some probes will not report reliably. If a probe is sited at the position of a segmental duplication that has two genomic positions, fluorescently labeled DNA from both segmental duplications would bind to the oligonucleotide regardless of their genomic position. The predicted chromosome breakpoint in an array paint experiment could be slightly inaccurate if there is a repeat at the breakpoint and probes have been designed to the repeat.
Advantages of array painting
Array painting is a very rapid approach to mapping a chromosome breakpoint. In a single experiment, a breakpoint can be refined sufficiently to permit the subsequent PCR amplification and sequencing of the junction fragment. A notable advantage of array painting is the ability to decipher complex chromosome rearrangements 19 , including the opportunity to detect imbalances at or close to the breakpoint. For example, we have previously mapped 12 breakpoints from 4 derivative chromosomes in a complex rearrangement, in just two array paint experiments 11 . In contrast to array CGH, which requires high-quality hybridizations of competing sample and reference genomic DNA, array painting is a noncompetitive, simple hybridization of the selected derivative DNA and is consequently a more robust procedure. Even if a derivative cannot be resolved from its normal homolog during the flow sort procedure or if it sorts with another unrelated chromosome, it is still possible to perform a successful array paint procedure and identify a chromosome breakpoint using the contaminated derivative sort 9 . The log 2 ratio of the Cy3 and Cy5 intensities will be close to 0 for any genomic region in common to co-sorting derivative chromosomes. The transition in log 2 ratio values from a high or low ratio to 0, for a genomic region in common, will still indicate the position of a breakpoint. If a derivative chromosome co-sorts with an unrelated chromosome, the contaminating chromosome will also hybridize on the array; although it might alter normalization, this will not interfere with identifying a chromosome breakpoint for the derivative of interest. The only situation that is problematic is if by chance two derivative chromosomes from a balanced reciprocal translocation co-sorted, it would then be impossible to identify a breakpoint as all oligonucleotides representing both parent chromosomes would ratio to 0. Microdissection as a method of successful isolation of these derivatives would overcome this problem.
Limitations of array painting
Array painting requires the isolation of derivative chromosomes by flow sorting or microdissection, techniques that require highly The top schematic represents the data for one parent chromosome (chr A), whereas the lower schematic represents the other parent chromosome (chr B). The transition from a high (red spots) to a low log 2 ratio (green spots) indicates a chromosome breakpoint. If a feature sequence spans a chromosome breakpoint, the ratio will be close to 0 (orange spots). Advances in new-generation sequencing technologies will offer an alternative to array painting, and it will be possible to identify translocation breakpoints by implementing paired end sequencing of the genomic DNA containing the translocation. Currently, it is still necessary to isolate derivative chromosomes before sequencing in order to ensure this approach is cost-effective. Having isolated derivative chromosomes, the costs involved to run a lane of Illumina paired end sequencing or a microarray hybridization are similar, and currently it is quicker and probably more accessible to hybridize an array. Over the next few years, this will inevitably change to favor new-generation sequencing to identify translocation breakpoints.
Potential applications
Array painting can be used to determine the composition of any isolated chromosome material and is not exclusively for mapping chromosome translocation breakpoints. The array paint procedure is comparable to the chromosome painting technique, but uses high-resolution microarrays as the target in place of metaphase chromosomes. In the same way that conventional chromosome painting can be used to determine cross species homology so can array painting. We previously reported hybridizing a white-cheeked gibbon chromosome 14 onto a human DNA microarray and determined homology to human chromosomes 2 and 17 (ref. 18) . Another application would be to determine the composition of marker chromosomes. A marker chromosome is a structurally abnormal chromosome in which no part can be identified. Conventional reverse painting isolates a marker chromosome and hybridizes it onto normal metaphase chromosomes revealing its composition 20 . Hybridizing the marker chromosome onto a DNA microarray would show the content of the marker and refine the boundaries of the genomic regions involved to a higher resolution.
Experimental design
In this protocol, we describe array painting using flow-sorted chromosomes and oligonucleotide microarrays. The chromosomes are prepared using a chromosome stabilization buffer based on polyamines. This method generates high-molecular-weight DNA. The chromosomes are stained and the two derivative chromosomes (generated from a reciprocal translocation, Fig. 1 ) are selectively gated and isolated using a dual-beam flow cytometer with sorting function. Array painting is achievable using many combinations of alternative methodologies. Derivative chromosomes can be isolated by flow sorting or microdissection. It is easier to obtain multiple copies of a derivative chromosome by flow sorting, and the higher the number of starting chromosomes, the higher the quality of the amplification product. However, if flow sorting cannot isolate a derivative chromosome (e.g., if two reciprocal translocation products sorted together), microdissection would be able to isolate the derivatives from one another. There are many alternatives for derivative amplification as listed in the INTRODUCTION. We describe WGA (Sigma) using 10 ng of input DNA. The method of amplification should be selected considering the starting material and the array platform and tested to ensure their compatibility. Similarly, there are multiple array platforms available, all of which are suitable for array painting, and we describe the Agilent oligonucleotide microarray platform, which is robust and simple to perform. It is necessary to select an array of suitable probe distribution and resolution before attempting an array paint experiment.
Commercial procedures. In this protocol, we have combined commercial procedures from Sigma-Aldrich and Agilent Technologies for the DNA amplification step and the microarray hybridization steps, respectively. The manufacturer's methodology supplied with the GenomePlex Complete WGA Kit (Sigma) was used for DNA amplification, and the Agilent protocol G4410-90010, 'Agilent Oligonucleotide Array-Based CGH for Genomic DNA Analysis-Version 6.0,' was used for microarray hybridization.
Cell culture. Chromosomes have been successfully isolated from suspension as well as adherent cell lines. In this protocol, the suspension cell lines are generally subcultured to 50% with 50 ml of fresh growth medium and grown for 24 h before treatment with mitotic inhibiting agents. An approximate cell density of ~1-2 × 10 7 cells can be achieved in a single T75-cm 2 flask. A mitotic index of more than 40% can be obtained for these cell types. In the case of adherent cell lines, the cells are subcultured to 50% with 30 ml of fresh growth medium and grown for 24 h before treatment with mitotic inhibiting agents. An approximate cell density of ~1 × 10 6 cells can be achieved in a single T150-cm 2 flask. A mitotic index of more than 60% can be obtained for these types of cell line.
Mitotic arrest. The protocol we describe here is suitable for most cell lines with simple variation to the mitotic treatment time for maximal mitotic index. In general, we treat most of the lymphoblastoid cell lines with 0.1 µg ml − 1 of colcemid for a period of 4-6 h. In the case of adherent cell lines, a dosage of 0.1 µg ml − 1 and an incubation time varying from 6 to 24 h is required. The growth rate among adherent cell lines varies considerably, whereas suspension lymphoblastoid cell line growth rates are generally more similar. Adherent lines may therefore possibly require a longer incubation in colcemid. We recommend the optimization of mitotic treatment steps regarding time and dosage when working with a different cell type or animal species. It should be noted that inadequate treatment timing can result in a high number of cells at interphase; a contributing factor to the formation of debris and DNA fragments during the chromosome isolation process. An extensive exposure to colcemid can result in the formation of chromatids 21 , which deter accurate flow karyotype measurement and impair the purity of chromosome sorts and also cause cell death. If exposure to colcemid has caused a high rate of cell death, the concentration of colcemid should be reduced or colcemid should be replaced with another mitotic inhibiting agent such as colchicine, demecolcine, vinblastine or a commercially available cocktail mix (e.g., Procell Metaphase Arresting Solution).
Chromosome preparation and staining. During the chromosome isolation process, we take a small aliquot of hypotonic-treated cells and monitor it with Turck's stain to assess whether the mitotic cell has been adequately swollen and whether the chromosomes are well spread within the plasma membrane (Fig. 2a) . The swollen cells are then treated with polyamine isolation buffer containing Triton X-100; with adequate swelling, the chromosomes should be easily (Fig. 2b) , and chromosomes that appear to be stuck to one another forming clusters can be easily dispersed by further vortexing or syringing. The stained chromosomes are usually treated with sodium citrate and sodium sulfite for at least 1 h in the dark as an approach to improve the resolution of the flow karyotype 22 . The resolution of the flow karyotype can be improved for lymphoblastoid cell lines with an overnight incubation with both reagents. However, we have also found that the flow karyotype of some cell lines degrades upon using both chemical reagents; therefore, the flow karyotype of a particular cell line needs to be monitored with or without the addition of either reagent.
Estimating the size of derivative chromo somes. Before starting to flow sort, it is necessary to perform G banding analysis on the samples to help generate a derivative chromosome ideogram (Fig. 3) . These ideograms can be used to compare the size of the derivative chromosomes with the size of normal human chromosomes, and the position of the derivative chromosomes on a flow karyogram can then be predicted. (Fig. 3) . By comparing the size of the derivative chromosome with the sizes of all the normal human chromosomes in Table 1 , column 2, it is possible to predict the derivative chromosome's position on the flow karyogram (Fig. 3) . This is an important process to identify which atypical cluster on a flow karyogram is which derivative chromosome and, in addition, this process will highlight if a derivative is likely to sort with a normal chromosome (e.g., the derivative chromosome and normal chromosome are of the same size). The predicted position of a derivative chromosome on a flow karyogram may be altered slightly by its GC composition.
Instrument requirements. Different makes of flow cytometer are available commercially. The protocol we describe here uses a MoFlo, a flow cytometer with sorting function that is equipped with two water cooled lasers, which are tuned to the required laser lines (UV and 458 nm) at a power of 300 mW. The flow sorter works on a flow chamber design based on the principle of a 'jet-in-air' system. We have found that in our instrument setup, high-resolution flow karyotypes are acquired through photo saturation of the fluorescence dyes by increasing the laser power to 300 mW. By this approach, the measured fluorescence is observed to be independent of the illumination intensity of the laser. The laser lines applied in the protocol are specifically tuned for the excitation of Hoechst and Chromomycin A3. For all other flow cytometer designs and laser builds, we recommend that the level of laser power be optimized carefully for maximal signal, as this is a prerequisite for obtaining a well-resolved flow karyotype and the success of this application.
Flow karyotype and chromosome analysis. We typically stain the chromosomes with Hoechst and Chromomycin A3 for bivariate flow karyotyping. To date, this is the best fluorescence Hoechst dye binds preferentially to AT-rich sequences, and Chromomycin dye binds preferentially to GC-rich sequences. The flow karyotype is produced based on the difference in the DNA base composition and the DNA content of each chromosome. The staining characteristics between the dyes resolve most of the human chromosomes except 9-12. The technique we describe here is applicable for most lymphoblastoid cell lines as well as primary cell culture from mouse, pig and zebrafish 24 . It has also been successfully used for isolating translocated chromosomes from established cancer cell lines such as breast 19 .
Amount of input DNA to amplification step. We describe array painting using GenomePlex WGA, which states a minimum of 10 ng starting DNA (typically tens of thousands of derivative chromosomes). Although the manufacturer's instructions state 'the starting amount of DNA is critical for complex starting material such as genomic DNA and a reduction of input DNA will significantly alter the gene bias of GenomePlex product,' this protocol starts with an enriched less-complex starting material, and a lower input of DNA may still produce acceptable results.
GenomePlex WGA: fragmentation and library generation. As stated in the manufacturer's instructions, 'this WGA procedure utilizes a proprietary amplification technology based upon random fragmentation of genomic DNA and conversion of the resulting small fragments to PCR-amplifiable OmniPlex Library molecules flanked by universal priming sites.' The OmniPlex Library is then PCR-amplified using universal oligonucleotide primers. When performing this procedure, the manufacturer recommends that Steps 28-30 in this protocol are conducted without interruption, as the ends of the library DNA can degrade, thus affecting subsequent steps.
Experimental controls. When preparing the GenomePlex WGA products, it is suggested to run a positive DNA (supplied in the kit) and a 'water-only' negative control. The purpose of any negative control is to monitor any reagent contamination and the positive control will assess the reaction independent of the user's experimental DNA samples. To ensure successful amplification of derivative chromosome DNA, the products are run on an agarose gel as described in this protocol (Step 30). Successful amplification products should appear as a smear of products ranging in size from 100 to 1,000 bp and the negative control should have no product. Sigma states that the GenomePlex WGA Kit contains an optimized enzyme that decreases the background in the reaction and produces a negative control sample without product.
Differential random labeling and sample cleanup of derivative chromosome DNA. This procedure details the differential labeling of two derivative chromosomes derived from a translocation (termed der A and der B in
Step 41 and Fig. 1 ). This simply means one derivative is labeled in Cy3 and the other in Cy5. In
Step 50, it is stated that the sample volume needs to be ≤80.5 µl after concentrating in a Microcon reservoir membrane. It is necessary to achieve this volume to ensure the final hybridization mix will be 520 µl (see Step 55). The success of a random prime labeling reaction is assessed in two ways. The incorporation of fluorescently conjugated nucleotides into a DNA sample is measured by calculating the Specific Activity (see Step 54) and the yield of the reaction is measured to determine the amount of DNA produced in a labeling reaction.
Environmental conditions for DNA microarray experiment. It is important to conduct microarray experiments that use Cy3 and Cy5 dCTPs in a dark, air-conditioned environment, with a temperature of ~20 to 22 °C, to maintain humidity at ~30% and to keep ozone to ~0.02 PPM. These conditions are most important when scanning microarrays, where they help to preserve the intensity of the fluorophores. Make up the volume with HPLC water to 50 ml and then adjust the pH of the hypotonic solution to 8.0 using 0.25 M NaOH. Monitor the pH using pH indicator paper. Store on ice. Prepare fresh on the day of chromosome isolation. ! cautIon NaOH is an irritant; hence, wear gloves, lab coat and protective eyewear when handling NaOH or solutions containing it.  crItIcal pH to 8.0 before use (see REAGENT SETUP) Polyamine isolation buffer Mix the reagents to achieve the following final concentrations: 15 mM Tris, 80 mM KCl, 3 mM dithiothreitol, 2 mM EDTA, 0.5 mM EGTA, 0.2 mM spermine, 0.5 mM spermidine and 0.25% (vol/vol) Triton X-100. Make up the volume to 50 ml with HPLC water. Mix well on a rotator for 30 min and then adjust the pH of the buffer to 7.5 using 0.5 M NaOH. Monitor the pH using pH indicator paper. Filter the buffer through a 0.22-µm syringe filter. Store at 4 °C. The buffer is stable for a month.  crItIcal It is important to check the pH of the buffer used in the preparation of chromosome suspensions as pH can influence the stability as well as the physical structure of chromosomes. Blocking agent can then be stored at − 20 °C for up to 2 months. Agilent 2× Hybridization Buffer The hybridization buffer should be carefully mixed by inverting because it separates into two phases. The buffer should then be aliquoted and stored as smaller aliquots in the dark at room temperature until the stated expiry date. ! cautIon The manufacturer states that it may be harmful if swallowed. Avoid contact with eyes, skin and clothing.
EQUIPMENT SETUP Setting up flow sorting equipment Replace the sterile sheath buffer in the sheath tank (refer to the manufacturer's instrument setup guide) and warm up the lasers for more than an hour before flow analysis begins. Set the power of both lasers to 300 mW and keep stable using light control feedback (Coherent). The lasers are arranged such that the chromosomes pass first through the UV beam and then through the 458-nm beam. The laser beams are spatially separated at the flow chamber at a time delay set according to the manufacturer's instruction manual. The fluorescence from Hoechst excited by the UV (330-360 nm) beam is collected using a 400-nm long pass filter combined with a 480-nm short pass filter. The fluorescence from Chromomycin A3 excited by the 458-nm beam is collected using a 490-nm long pass filter. Collect the data generated for forward scatter, Hoechst fluorescence and Chromomycin fluorescence using Hoechst fluorescence as the trigger signal. The optical light path of the flow cytometer is aligned using 3-µm fluorescent particles (Sphero Rainbow Fluorescent Particles, Spherotech) before chromosome analysis. The laser beams are aligned and adjusted to achieve a minimum peak coefficient of variance of < 1.50 and a maximum peak value for both fluorescence channels.
The data are primarily collected using a MoFlo (Beckman Coulter) equipped with two water cooled Innova 300 series lasers (Coherent). For cytometers using 'jet-in-air' analysis such as MoFlo, at sheath pressure of 60 psi, the lasers are delayed by 1.6 µs necessitated by the pinhole design. This time delay can be easily determined by using a pulse monitor oscilloscope. The signals from other flow cytometers are delayed and processed differently; refer to the manufacturer's instruction manual for more detail.
The instrument is configured for four-way sorting on a high purity sort option of single mode per single drop envelope. A data rate ranging from 2,000 to 12,000 events per second using a 70-µm Cytonozzle tip with optimal setting of the sheath pressure to ~60 psi and the drop drive frequency to ~95 KHz is used. The drop delay of the sort set up is determined using 3 µm fluorescent particles according to the manufacturer's recommended procedure. The sample data flow rate can be controlled by adjusting the sample differential pressure. Set a low differential pressure of 0.1-0.2 psi to regulate a data rate of ~2,000 events per second for sorting chromosomes. Set to a higher differential pressure of 0.4-0.6 psi for high-speed sorting at a rate of >10,000 events per second.  crItIcal Ensure the FACS sorter room has an independent temperature control device to maintain the room temperature as fluctuation in room temperature can affect the drop delay and therefore the purity of the sort. proceDure cell culture of lymphoblastoid cell line containing chromosome translocation • tIMInG ~2 to 4 weeks 1| Culture a human lymphoblastoid cell line in RPMI medium supplemented with 15% fetal bovine serum (vol/vol) and 5 ml antibiotics mixture to a final concentration of 100 IU ml − 1 penicillin, 100 µg ml − 1 streptomycin and 2 mM L-glutamine in an incubator at 37 °C, 5% CO 2 .
2| Subculture near-confluent cells to 50% by adding the equivalent volume of fresh growth medium and dividing it into two separate T75 cm 2 flasks. We recommend a volume of 50 ml per flask. The change of the phenol red dye color in the medium to yellow is an indication of confluence for suspension cell lines.
3| After 24 h of subculturing, add Colcemid or Demecolcine to a final concentration of 0.1 µg ml − 1 for 6 h.  crItIcal step The incubation time required with the metaphase-arresting drug varies according to the rate of cell growth; the slower the cells divide, the longer the incubation time required. Optimization of this parameter is needed to achieve a high mitotic index with different cell types. chromosome preparation for flow sorting • tIMInG 3 h 4| Harvest the cell line in a 50-ml Falcon tube by centrifuging for 5 min at 289g, RT.
5|
Carefully discard the supernatant without disturbing the pellet and place the tube upside down on an absorbent paper to drain off most of the medium.
6|
Gently resuspend the cell pellet in 5 ml of hypotonic solution with a plastic pipette. Incubate at RT for 15 min.
7|
Monitor the swelling of cells with Turck's stain. Mix 5 µl of cell suspension with 5 µl of the stain on a microscope slide. View under the light microscope (Fig. 2a) .  crItIcal step If the cells are not swollen, leave for another 5-10 min. Continue to monitor the swelling of cells and incubate for an increased time as necessary.  crItIcal step To avoid bursting of cells, view swollen cells on a microscope slide without using a coverslip. The mitotic index can be estimated by counting the proportion of swollen cells in metaphase.
8| After ~15 min in hypotonic solution at RT, centrifuge the cells for 5 min at 289g, at RT. Discard the supernatant and drain the tube briefly on absorbent paper.
9|
Resuspended the pellet gently in 3 ml of ice-cold polyamine isolation buffer and incubate on ice for 10 min. 
11|
Monitor the chromosome suspension under the fluorescence microscope. Mix 5 µl of cell suspension with 5 µl of the propidium iodide on a microscope slide and cover with a coverslip. Check for single separated chromosomes and an absence of chromosome clusters in the suspension (Fig. 2b) . ? troublesHootInG
12|
If a large number of chromosome clusters are observed (chromosomes that appear to be adhered to each other in clumps), continue to vortex for another 20 s. Monitor the chromosome suspension again under the fluorescence microscope. At this stage, many single intact chromosomes should be seen.  crItIcal step If this does not improve the number of free single chromosomes, pass the suspension through a 22.5-gauge needle using a 5-ml syringe to release the chromosomes into suspension. 
17|
Prepare the instrument (MoFlo) for analysis and sorting. Pre-align the optical light path and pre-determine the drop delay using 3 µm beads (see EQUIPMENT SETUP).
18|
Obtain the flow karyotype of the cell line by analyzing the stained chromosome sample. Display the data as a bivariate flow karyogram of Hoechst versus Chromomycin fluorescence after gating out clumps and debris 25 (Fig. 4a) . Create a plot of linear forward scatter versus linear pulse width and draw a region gate on the main chromosome population to exclude clumps and debris (Fig. 4b) . ? troublesHootInG 19| Acquire a total of 100,000 events at a rate of 1,000 events per second and analyze the data using Summit v3.1.
20|
Prepare two sterile UV-treated 1.5-ml microfuge tubes.
21|
Create sorting gates on the derivative chromosome clusters and sort the required number of chromosomes per microfuge tube as determined in Step 16. 
26|
Remove the ethanol supernatant and allow the pellets to dry at 37 °C for 2 min.
27|
Resuspend the pellets in 10 µl of TE buffer.
Fragmentation and library generation
• tIMInG 2 h 28| Fragment the DNA and generate the library using the GenomePlex Complete WGA Kit (see REAGENTS) according to the manufacturer's instructions. Use 10 ng of DNA from Step 27; also set up a positive control tube (use the DNA supplied in the kit) and a negative (water) control.  crItIcal step The fragmentation and library generation steps should be continued without interruption. amplification of WGa library products • tIMInG 6 h 29| Amplify the WGA library products using the WGA kit according to the manufacturer's instructions.
30| Run 4-8 µl (5-10%) of the samples, positive and negative controls on a 1.5% (wt/vol) agarose gel 26 (70 V for 30 min) (Fig. 5) .  crItIcal step The DNA size should range from 100 to 1,000 bp, with the mean size of ~400 bp.  pause poInt According to the manufacturer's instructions, the samples can be stored at − 20 °C until ready to purify and analyze. The stability of WGA DNA is equivalent to genomic DNA stored under the same conditions. ? troublesHootInG sample purification • tIMInG 1 h 31| Add 435 µl of TE to the amplified samples.
32|
Insert a Microcon YM-30 sample reservoir into a 1.5-ml centrifuge tube for each sample.
33|
Pipette the diluted, amplified samples into the sample reservoir and close the lid.  crItIcal step Do not touch the membrane with the pipette tip.
34|
Centrifuge the samples for 11 min at 8,000g, RT.
35|
Add 500 µl of TE buffer and centrifuge the samples for 11 min at 8,000g, RT.
36|
Place the sample reservoir upside down in a new 1.5-ml microfuge tube, centrifuge samples for 3 min at 1,000g, RT, to transfer the now purified, concentrated samples.
37| Discard the sample reservoirs.
38| Measure 1 µl of the amplified samples on a NanoDrop spectrophotometer to assess the DNA yield.  crItIcal step The manufacturer states that the amplification could be ~500-fold. The minimum amount needed for DNA probe labeling is 300 ng (see Step 39).
random labeling of derivative chromosome Dna
• tIMInG 1 h (plus overnight incubation) 39| Differentially label amplified derivative chromosome DNA as previously reported 27 , with the slight modification as detailed here. Mix 300 ng of each amplified derivative chromosome DNA from the previous step with 60 µl of  crItIcal step Do not use the 10× dNTP mixture supplied in the BioPrime DNA Labeling System Kit (see REAGENTS).
42|
Incubate the labeling reactions in the dark at 37 °C overnight (16 h). 
49|
Place the sample reservoir upside down in a new 1.5-ml microfuge tube. Centrifuge samples for 1 min at 8,000g, RT, to collect the purified, concentrated samples.
50|
Measure and record the volume of each eluate. If the sample volume exceeds 80.5 µl, return the sample to its sample reservoir and centrifuge for 1 min at 8,000g, RT. Discard flow-through.
51|
Place the sample reservoir upside down in a new 1.5-ml microfuge tube. Centrifuge the sample for 1 min at 8,000g, RT, to transfer the purified, concentrated sample to the microfuge tube. 53| Measure 1.5 µl of the labeled derivative chromosome samples on a NanoDrop spectrophotometer to assess the yield and specific activity (SA). Using the Microarray program, the NanoDrop will record the dye incorporation as pmol µl − 1 and yield as ng µl where specific activity is the pmol dye per µg genomic DNA. 
56|
Mix the samples by pipetting up and down. Spin to collect the sample.
57|
Denature the samples for 3 min at 95 °C in a heat block.
58|
Immediately transfer the sample tubes for 30 min to a 37 °C heat block in the dark.
59|
Spin the samples in a microfuge for 1 min at maximum speed to collect the sample. 61| Add 490 µl of the 520 µl reaction mix along the length of the hybridization area of the gasket slide taking care not to get too close to the gasket edge.
62|
Place the microarray slide on top of the gasket slide with the 'active side' facing down.  crItIcal step Each microarray is printed on the side of the glass slide containing the 'Agilent'-labeled barcode or the 'active side.' The numeric barcode is on the 'inactive side,' which has no array. Remember the word Agilent goes onto the hybridization mix, so write on the bench 'Agilent side facing down' .
63|
Add the SureHyb chamber cover onto the glass slides and assemble. Tighten the clamp onto the chamber.
64|
Using a rotating motion, allow the liquid to wet the slides. Vertically rotate the assembled chamber to wet the slides and assess the mobility of the large bubbles. Ensure there are no small bubbles stuck at the side of the slide. If small bubbles can be seen, gently tap the chamber on the bench to dislodge them.
65|
Place the assembled chamber in a rotating rack set to 20 rpm in a hybridization oven. Use an empty chamber as a balance. Hybridize for 40 h at 65 °C. 68| Put a slide rack and magnetic flea (1.5 inches in length) into one trough containing Wash Buffer 1 and place on a magnetic stirrer at RT.
69|
Put a glass slide rack into the trough containing Wash Buffer 2 and heat in a microwave for ~30 s on a high setting to warm to 37 °C. Once the correct temperature is achieved, add a magnetic flea and place in an incubator to maintain this temperature until required.
Microarray washing • tIMInG 30 min 70| Turn on the Agilent Scanner 20 min before washing the slides to allow the lasers to warm up.
71|
Remove a SureHyb chamber containing a microarray from the 65 °C incubator and disassemble the chamber. ! cautIon Take care as the metal chambers are hot to hold.  crItIcal step If, when assembling the hybridization mix, microarray slide and gasket slide, one was aware that a small amount of sample spilled outside of the gasket, this may have caused the gasket slide and array slide to have adhered tightly or even the glass slides to have adhered to the metal chamber. If in doubt, disassemble the entire chamber (having removed the screw) submerged under Wash Buffer 1.
72|
Remove the glass slide sandwich from the metal chamber by holding the edges (maintain the orientation) and immediately transfer and submerge in Wash Buffer 1.
73|
Keep the sandwich completely submerged in Wash Buffer 1. Remove the microarray slide away from the gasket slide using blunt forceps.  crItIcal step Do not allow the microarray slide surface to dry out at any stage during the wash process.
74|
Quickly transfer the microarray slide to the slide rack in the second trough containing Wash Buffer 1 on the magnetic stirrer. Repeat Steps 72-74 for additional microarrays.
75|
Turn on the magnetic stirrer to achieve good but not vigorous mixing (maintain a small vortex in the middle of buffer). Wash for 5 min.
76| 15 s before the first wash has finished, remove the trough containing Wash Buffer 2 from the incubator.
77|
At the end of wash 1, turn off the magnetic stirrer, remove the trough from the magnetic stirrer, place the pre-warmed trough of Wash Buffer 2 onto the stirrer and transfer the slides to it.
78|
Turn on the magnetic stirrer and wash for 1 min.
79|
After 1 min, turn off the stirrer and remove the trough containing the microarrays. 
80|

83|
Scan microarrays using an Agilent Scanner B/C and Scan Control software, or an alternative scanner to generate a tiff image of the microarray (e.g., GenePix 4000B Scanner).  crItIcal step When an image is viewed in Feature Extraction, the maximum red and green values as seen in the set image color display range on auto scale should be >2,000.
Data extraction using agilent feature extraction software and analysis • tIMInG ~2 h 84| Extract the fluorescence intensity for both the Cy3 (green) and Cy5 (red) channels using Feature Extraction following the manufacturer's instructions. Signal intensities are extracted for all array features and log 2 ratios for Cy5/Cy3 intensities are calculated as described in Step 85. Log 2 ratios are then plotted against chromosome base-pair position for each oligonucleotide on the array. As the Cy5 intensities are divided by the Cy3 intensities, the log 2 ratios for the oligonucleotide probes corresponding to the derivative chromosome labeled in Cy5 will be high, whereas the log 2 ratios for the oligonucleotide probes corresponding to the derivative chromosome labeled in Cy3 will be low. Along the length of a chromosome involved in the rearrangement, there will be a transition between either a high to a low ratio, or a low to a high ratio. The transition identifies the chromosome breakpoint. The genomic density of features on the microarray will determine the accuracy of the breakpoint determination. If there is a data point that has an intermediate log 2 ratio, neither high nor low, then it is likely that the chromosome breakpoint falls within the sequence of that array feature (Fig. 1) .
The dynamic range of log 2 ratios in an array paint experiment conducted on the Agilent platform in our hands is usually at least − 4 to + 4 as shown in Figure 6 , which shows the array paint results for a typical Agilent 244k hybridization following this protocol. Both chromosome breakpoints are immediately obvious where there is a dramatic shift from high to low log 2 ratio values (Fig. 6a,c) . Zooming in to the transition sites (Fig. 6b,d ) it is possible to determine the genomic positions for the two chromosome breakpoints containing regions. However, owing to an uneven probe distribution on catalog array designs, the size of these regions will vary. In this instance, the chromosome A region is 7.9 kb and the chromosome B region is 27 kb. An average spacing for features on this array is 10 kb. acknoWleDGMents The labeling procedure described in Steps 39-43 was originally developed by Heike Fiegler 28 and slightly modified for this protocol. We acknowledge Diana Rajan and Leong Siew Hong for proofreading and checking this protocol. We thank John Crolla (Wessex Regional Genetics Laboratory) for supplying the t(3;20) cell line used in Figure 3 . This work was supported by the Wellcome Trust [Grant no. WT077008].
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